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(g) Solder self-alignment methods. 

@ A solder; setf^aligrfment process for aligning a 
semiconductor chip (13) with, and bonding the 
chip to, a substrate (12) is preformed in ah 
atmosphere rich in gaseous formic acid, at least 
during the melting step. It is preferred that the 
formic acid atmosphere be maintained ' during 
the self-alignment step and the step of .cooling 
and hardening the solder elements (23). With 
this feature, one can . completely avoid the use 
of any solid or liquid fluxes and avoid the 
consequences of such use. Nonetheless, the 
molten solder elements (23) dependably bond 
to the bonding surfaces and vertically align 
themselves. 
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T hnical Fi Id 

This invention relates to sold r s If-alignment 
methods and, mor particularly, to m thods for using 
solder self-alignment to mount accurately a. semicon- 
ductor chip on a substrate. 

Background of the Invention 

The advent of lightwave communications has 
stimulated an intensive development of methods for 
assembling photonic devices. Photonic devices are 
those having both optical and electrical attributes, 
such as lasers and photodetectors. A complex light- 
wave communications system may require many pho- 
tonics devices, each of which must be accurately and 
dependably mounted in alignment with an optical ele- 
ment such as an optical fiber or a lens. It is important 
to automate as much as possible the process for as- 
sembling such devices and to reduce the operator 
skill needed for obtaining the requisite alignments. 

As described, for example, in the papers, "Self- 
Alignment Capability of Controlled-Collapse Chip 
Joining," L S. Goldman n t Proceedings of 22nd Elec- 
tronic Components Conference, 1972, pp. 332-339 
and "ANovei Flip-Chip Interconnection Technique Us- 
ing Solder Bumps for High-Speed Photorecervers, ,, K. 
Katsura et al., Journal of Lightwave Technology, Vol. 
8, No. 9, September 1990, p. 1323, both hereby incor- 
porated herein by reference, a method known as sold- 
er self-alignment can be used to obtain accurately 
aligned bonding and conductive interconnection of a 
semiconductor chip such as a photonic device to a 
substrate. According to the method, a set of bonding 
pads on the substrate is coated with solder and the 
semiconductor chip is mechanically placed with cor- 
responding bonding pads overlying the substrate 
bonding pads. Although final registration is desired to 
be accurate to within one or two microns, the mech- 
anical placement need be accurate only to within sev- 
eral tens of microns. The assembly is then heated to 
melt or "reflow" the solder, which causes the solder 
on each of the substrate bonding pads to gather and 
to wet to a matching bonding pad of the semiconduc- 
tor chip. The surface tension of the molten solder ele- 
ment tends to force it to flow such as to distribute itself 
symmetrically around a vertical axis or plane. This 
force moves the chip, thereby accurately aligning the 
chip with the substrate. The chip may, for example, be 
a photodetectorora laser which is accurately aligned, 
for example, with an optical fiber bonded to the sub- 
strate. 

One r quirement for the solder seif-alignm nt 
method is that the solder globule wet the bonding 
pads to which it adheres. Aliquid flux is usually coated 
n th bonding pads for this purpose, but it is recog- 
nized that such flux can cause a numb r of problems. 
The flux may, for xample, bubble during the solder 



process which may dislodge the chip r contaminate 
surfaces of the chip or optical elements t interfere 
with optical transmission. We have tried to avoid the 
use of a liquid flux by performing the soldering oper- 

5 ation in a reducing atmosphere such as an atmos- 
phere of carbon monoxide or hydrogen but hav 
found that such a substitution is not satisfactory. Our 
studies have shown that, with such substitutions, th 
molten solder elements often do not form the aligned 

10 symmetrical configurations required for solder self- 
alignment. Accordingly, there is a continuing long-felt 
„. need for improved methods for using solder self- 
alignment to bond semiconductor chips to substrates. 

15 Summary of the Invention 

We have found that the foregoing problems can 
be avoided by performing the solder self-alignment 
process in an atmosphere rich in gaseous formic acid, 

20 at least during the melting step. It is preferred that the 
formic acid atmosphere be maintained during the 
self-alignment step and the step of cooling and hard- 
ening the solder elements. With this feature, one can 
completely avoid the use of any solid or liquid fluxes 

25 and avoid the consequences of such use. Nonethe- 
less, the solder elements dependably bond to the 
bonding surfaces and align themselves into symmet- 
rical configurations. 

These and other objects, features and advantag- 

30 es of the invention will be better understood from a 
consideration of the following detailed description tak- 
en in conjunction with the accompanying drawings. 

Brief Description of the Drawing 

35 

FIG. 1 is a schematic exploded perspective vi w 
of a photodetector package to be made in accor- 
dance with one embodiment of the invention; 
FIG. 2 is a sectional view of part of the photode- 

40 tector package of FIG. 1; 

FIG. 3 is a view taken along lines 3-3 of FIG. 2; 
FIGs. 4 and 5 show successive steps in the as- 
sembly of the apparatus shown in FIG. 3, in ac- 
cordance with one embodiment of the invention; 

45 and 

FIG. 6 is a schematic view of apparatus for estab- 
lishing a vaporized formic acid atmosphere dur- 
ing the process steps illustrated in FIGs. 4 and 5. 

so Detailed Description 

Th drawings are not necessarily to seal and 
c rtain parts of them hav b en simplified to aid in 
clarity of exposition. Ref rring now to FIG. 1 , there is 
55 shown illustratively a photonics modul of a type that 
can b assembl d in accordanc with one embodi- 
ment of th inv ntion comprising a ceramic package 
11, a silicon submount 12, and a photonics device 13 
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which is illustratively a semiconductor chip known as 
a "PIN" photodetector. The submount 12 includes 
grooves 1 5 and 1 6 adapted to support an optical fiber 
17. On ndofgroov 15 is terminated by a mirror 18 
which is intended to reflect light from the optical fiber 
17 to an active region of the photodetector chip 13. 
The chip 13 is soldered to bonding pads on the sub- 
mount 12 such as to be in precise alignment with the 
the mirror 18. The submount 12 is then mounted in a 
cavity of the ceramic package 11, which is of a type 
known as a dual-in-line or a DIP package. The optical 
fiber is extended through support 19 and bonded 
within grooves 15 and 16, which aligns the fiber with 
the mirror 18, and thus with the chip 13. 

The soldering of the photodetector chip:1.3 to the 
silicon submount 12 is shown more clearly in FIGs. 2 
and 3. The chip has four bonding pads 21 arranged 
in quadrature and the submount 12 has.four bonding 
pads 22 at locations matching those of the bonding 
pads 21. The bonding pads are soldered together by . 
solder elements 23 as shown. When properly aligned, 
light directed along the central axis of optical fiber 17 
is reflected from mirror 18 to impinge on an active re- 
gion 19 of the photodetector 13,- Depending on the 
specific device that is being made,. the specifications 
may require alignment to within tolerances of less 
than one micron to less than several microns. This 
high precision is obtained by using the known princi- 
ples of solder self-alignment,, which is illustrated in 
FIGs. 4 and 5* , N r - : 

Referring tp r FIG. 4, tending pads 2? ^are initially 
coated with solder 23.. The photodetector chip 13 is 
then brought into approximate registration by mech- 
anical means which may leave the .bonding pads 21 
slightly misaligned with respect to bonding pads 22. 
For example, the bonding pads 21 and 22 may be 
seventy-five microns on a side and may be initially 
placed to be registered within fifty to sixty microns of 
accurate alignment, a typical misalignment being 
schematically illustrated by the displacement of bond- 
ing pads 21 with respect to bonding pads 22. There- 
after, the assembly is heated, causing the solder 23 
to gather or ball up due to surface tension. The solder 
does not wet to the surface of the silicon submount 
12 and therefore is contained on bonding pads 22. A 
"solder dam" may be formed on each bonding pad 22, 
which is a ring of a material such as titanium to which 
the solder does not wet, for giving precise solder con- 
tainment. 

The solder 23 wets bonding pads 21 causing it to 
assume the shape shown in FIG. 5. The surface ten- 
sion of th solder 23 inherently causes jt to flow to- 
ward a v rticalty align d configuration which x rtsa 
fore on the photodetector I ment shown by arrow 
24. This caus s the photod tector chip 13 to b come 
align d with its bonding pads 21 dir ctly overlying 
matching bonding pads 22 as shown in FIG. 3. This 
method for obtaining final alignment adjustment is 



known as solder self-alignment and it is known that it 
can routinely be used to obtain alignm nt accuracy of 
one or two microns betw en a s miconductor chip 
and the substrat on which it is mount d. 
5 Referring again to FIG. 3, a problem with which 

the invention is concerned is the normal need for a 
liquid flux to assure bonding of the solder elements 23 
to the bonding pads 21 and 22. During the sold ring, 
the liquid flux may boil, bubble and even dislodge chip 
w 13. It can also splatter onto the mirror 16 (FIG. 2) or 
onto the active region of photodetector chip 13 to 
cause malfunction of the device. 
; 1 . Referring to FIG. 4, the need for liquid flux is com- 
pletely eliminated by performing the solder self- 
15 alignment met hod in an atmosphere of gaseous form; 
ic acid. The gaseous formic acid aids the wetting of 
the solder 23 onto the bonding pads 21 and 22 by pre- 
senting the formation of thin oxide layers on the 
^bonding pads. Referring to FIG ; 5, the formic acid fur- 
20 Ei ther prevents the formation of microscopic oxid lay- 
ers on the sidewalls of molten solder elements 23. 
Our studies have shown that such prevention is im- 
■v. portant for allowing the transition from the conf igura- 
, tion shown in FIG. 5 to that shown in FIG. 3, i.e., for 
25 ^ self-alignment. Our experiments using carbon mon- 
. oxide and hydrogen reducing atmospheres showed a 
; failure or unreliability, of the elements 23 to make the 
transition to the configuration of FIG. 3. We hav at- 
vtributedthis problem to the formation of a microscop- 
30 ic- oxiderlayet which changes the surface tension 
Mj,Ghar3Cteristics of the molten solder; this prob! m is 
s completely -avoided with the invention. 

Referring to FIG; 6, the experimental self- 
alignment operation was contained in a bell jar 26. 
35 The device assembly 27, comprising the assembly 
shown in FIG. 4, was supported on a heater 28 having 
electrodes 29, the temperature of which was moni- 
: tored by a thermocouple 30. Nitrogen was bubbl d 
: through a vessel 32 containing liquid formic acid 33 
40 so that the vaporized formic acid was carried by th 
: nitrogen carrier into the bell jar 26. An oxygen monitor 
35 was connected to the gas outlet and the gas was 
exhausted after being bubbled through a liquid 36. It 
should be noted that formic acid is quite toxic. Various 
45 methods such as decomposition by heat, or reacting 
with a liquid may therefore be used to control the toxi- 
city of the exhaust A device for holding the chip 
above the substrate is not shown in FIG. 6. It should 
be noted that in commercial applications of the inven- 
so tion, it is expected that robotic placement devices 
would be used for automatically placing the photode- 
tector chip ov rth substrat and that batch process- 
ing would be used to sold r self-align sev ral photo- 
detector chips or other semiconductor chips simulta- 
55 aeously in a single oven. 

As is known, the V-grooves 15 and 16 can be 
mad by photolithographic masking and etching with 
a great deal of accuracy. The mirror surface 16 is pre- 
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f rably metallized as shown. The surfaces of the V- 
grooves 15 and 16 may or may not be metallized. Th 
metallizations that we us d for conductor lines and 
bonding pads consisted of thin film titanium (one 
thousand angstroms), platinum (two thousand ang- 5 
stroms) and gold (five thousand angstroms) sput- 
tered by a dc magnetron process in patterns using a 
molybdenum shadow mask. In this metallization proc- 
ess, the titanium acts as an adhesion layer, the plati- 
num as a barrier and solderable surface, and the gold 1 o 
protects the surface from oxidation. Titanium was 
then sputtered to define the wettable solder bond pad 
areas and to provide a solder dam. Last, a five micron 
layer of gold-tin eutectic solder was deposited on the 
bonding pad regions through a shadow masking us- 15 
ing an electron beam evaporation technique. 

Reflow was carried out in a controlled atmos- 
phere having a formic acid vapor concentration of ap- 
proximately eight hundred to one thousand parts per 
million. The heater was a graphite strip heater capable ., 20 
of a heating rate of one hundred fifty to two hundred 
degrees Centigrade per minute. The reflow tempera- 
ture was three hundred twenty degrees Centigrade. 

Although the invention has been discussed in the 
context of a photodetector module, it is to be under- 25 
stood that it can be used wherever alignment of a 
semiconductor chip with respect to a substrate is re- 
quired. "Semiconductor chip" as used herein is in- 
tended to include lasers, laser arrays, photodetector 
arrays, diodes, diode arrays, and integrated circuits. 30 
It is possible that the invention may also find utility in 
aligning such passive devices as lenses with an un- 
derlying surface. As is known, the body to be aligned 
using solder self-alignment must be sufficiently small 
that it can be moved by the surface tension of a plur- 35 
ality of molten solder elements. It is also possible that 
a single solder element may be used for self- 
alignment in accordance with the invention. It is be- 
lieved that formic acid is effective because it is highly 
reactive with oxygen and therefore is particularly ef- 40 
fective in preventing any oxides on the solder surface 
during the self-alignment process; however, it is not 
our intention to be bound by any particular theory of 
operation. Rather, the invention is based on the ex- 
perimental determination that using gaseous formic 45 
acid, unlike other reducing atmospheres, will result in 
reliable bonding and self-alignment without resort to 
any liquid or solid flux of any kind. 

Various other embodiments and modifications 
may be made by those skilled in the art without de- so 
parting from the spirit and scope of the invention. 



defining a first metal bonding pad (21 ) on 
the member and as cond metal bonding pad (22) 
on the substrat , the first and second bonding 
pads being at predetermined corr sponding lo- 
cations; 

coating at least one of the metal bonding 
pads with solder (23); 

approximately registering the first bonding 
pad in close proximity to the second bonding pad; 

melting the solder to cause the solder to 
gather and to make contact simultaneously with 
the first (21) and second (22) bonding pads; 

using solder self-alignment to permit the 
surface tension of the molten solder to align the 
member with the substrate; 

and cooling to harden the solder and to 
bond togetherthe first and second bonding pads; 
wherein the invention comprises the step of: 

exposing the solder arid the bonding pads 
to an atmospherie rich in gaseous formic acid dur- 
ing at least the melting step. 

2. The method of cteim 1 wherein: 

the exposing step occurs also during the 
self-alignment step. 

3. The method of claim 2 wherein: 

the exposing step occurs also during th 
cooling step. 

4. The method of claim 2 or 3 further comprising the 
step of: 

bubbling a carrier gas through liquid form- 
ic acid to form gaseous formic acid and flowing 
the gaseous formic acid past the member anc 1 
the substrate during the melting, self-alignment 
and cooling steps. 

5. The met hod of claim 4 wherein: 

the carrier gas is substantially pure nitro- 
gen. 

6. The method of claim 1 wherein: 

the member is a semiconductor chip. 

7. The method of claim 6 wherein: 

the semiconductor chip is a photonic de- 
vice soldered in alignment with a mirror formed 
on the substrate; and further comprising the step 
of: 

bonding to the substrate an optical fiber in 
alignm nt with said mirror. 



Claims 



A method for aligning a m mber (13) with, and 
bonding the member to, a substrat (12), com- 
prising the steps of: 



8. Th method of daim 1 wh r in: 
55 the first metal bonding pad is one of a first 

plurality of bonding pads on t h member, and the 
s cond metal bonding pad is one of a plurality of 
second metal bonding pads on the substrate, the 
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locations of th second metal bonding pads 
matching th locations of th first m tal bonding 
pads; 

and solder self-alignment is used to solder 
bond each of the first bonding pads with a corre- 5 
sponding one of the second bonding pads. 

9. The method of claim 8 wherein: 

the exposing step occurs also during the 
self-alignment step and during the cooling step. 1 o 

■ 

10. The method of claim 9 wherein: 

the element is a photonic device; 
and an optical device to be aligned with 
the photonic device is bonded to the substrate. 15 

11. The method of claim 1 or 10 further comprising 
the step of: 

- bubbling a carrier gas through liquid form- 
ic acid to form gaseous formic acid and flowing 20 
the gaseous formic acid past the photonic device 
and the substrate during the melting, self- 
alignment and cooling steps. 



25 



30 



35 



40 



45 



50 



55 



5 



EP0 579 438 A2 




6 



EP0 579 433 A2 




EP 0 579 438 A2 



FIG. 6 
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(54) Solder self-alignment methods. 

(57) A solder self-alignment process for aligning a 
semiconductor chip (13) with, and bonding the- 
chip to, a substrate (12) is preformed in an 
atmosphere rich in gaseous formic acid, at least 
during the melting step. It is preferred that the 
formic acid atmosphere be maintained during ' 
the self-alignment step and the step of cooling 
and hardening the solder elements (23). With 
this feature, one can completely avoid the use 
of any solid or liquid fluxes and avoid the 
consequences of such use. Nonetheless, the 
molten solder elements (23) dependably bond 
to the bonding surfaces and vertically align 
themselves. 
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